Background and Purpose-Studies of blood pressure (BP) indices as disease predictors have offered conflicting conclusions. We compare pulse pressure (PP), systolic BP (SBP) and diastolic BP (DBP), and mean arterial pressure (MAP) as risk markers for long-term mortality with emphasis on stroke. Methods-Male civil servants (40 to 65 years of age; nϭ9611) were examined in 1963 and followed up until 1986.
S ystolic blood pressure (BP) is widely recognized as a major contributor to the risk of vascular and other diseases, in particular stroke. Among the elderly, Ϸ65% of hypertension occurs in the form of isolated systolic hypertension (ISH). 1 ISH or increased pulse pressure (PP; the difference between systolic BP [SBP] and diastolic BP [DBP] ) represent mainly large arterial stiffening. 2 Although several studies have shown the strong association of ISH or PP with increased stroke and cardiovascular morbidity and mortality, [3] [4] [5] [6] [7] [8] [9] the value of PP as an independent risk factor remains controversial. The current study aimed to compare SBP, DBP, PP, and mean arterial pressure (MAP; defined as 1/3ϫ(SBPϩ2DBP)) as risk markers for mortality with an emphasis on stroke mortality in working men examined in 1963 and followed up over 23 years.
Materials and Methods
In 1963, 10 059 men 40 to 65 years of age, tenured civil servants and municipal employees, were examined in the framework of the Israeli Ischemic Heart Disease study. 10, 11 They constituted 84.7% of 11 876 originally sampled in a random stratified sample of 6 predefined geographical areas. Participants underwent clinical and blood biochemical evaluations in 1963, 1965, and 1968 . The measurement of BP was performed in the recumbent position on the right arm. SBP was measured at the onset of Korotkoff sounds, and DBP was measured on their disappearance. The second of 2 BP recordings, undertaken Ϸ45 to 75 minutes after arrival, is used herein. Preference of 0 end-digits in BP recordings is evident (40% and 41% of SBP and DBP recordings, respectively; supplemental Figure I , available online at http://stroke.ahajournals.org).
Men with a previous heart attack or definite angina 10, 11 at baseline (nϭ448) were excluded from analysis. Overall, 9611 men were included in analysis. The underlying cause of death was determined on a case-by-case basis by a review panel until 1970 and by the use of the International Classification of Disease (ICD) codes thereafter. Deaths from presumed stroke were based on ICD codes 430 to 438. Information on mortality after 1970 was derived from the Israeli Mortality Registry, which is virtually complete for the last 35 years in terms of death reports. The likelihood of migration among Israeli men holding a tenured civil servant position during the 1960s and 1970s is extremely low, given hardships in entering countries where they would presumably seek another future, the sociopolitical environment, their family ties, and their advancing ages. We assume loss to mortality follow-up is negligible.
Regression Dilution
The estimated association between BP indices and subsequent mortality was corrected for regression dilution bias (RDB). 12 We used the 1968 BP values, arranged by quintiles as assessed in 1963, to derive an estimate of the "shrinkage" of the distance between mean BP levels of the upper and lower quintiles on re-examination. The ratio of interquintile range in 1963 to that of 1968 yields an estimated regression dilution factor (RDF; supplemental Table I, available online) .
Statistical Analysis
The standard population for direct age-adjustment was based on the distribution of the entire study sample arranged by 5-year age groups. A linear trend of age-adjusted mortality rates by quintiles of BP indices was tested by the Mantel extension test, using quintile medians as scores. Adjusted hazards associated with 1 SD increments of BP indices were estimated using the Cox proportional hazards model. Goodness of fit was assessed by comparing actual to predicted quintiles of risk. 13 The assumption of proportional hazards, examined on the basis of Schoenfeld residuals, 14 was violated for DBP and SBP in models predicting stroke mortality. For this reason, these models were stratified into: (1) both BPs elevated (SBPϾ140 and DBPϾ90 mm Hg), termed "hypertensive" throughout this article; (2) 
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tensive (SBPՅ140 and DBPϾ90 mm Hg). Group 4 was too small (nϭ373; 11 deaths) for meaningful analysis. Covariates 11 included age, diabetes mellitus, cigarette smoking, serum cholesterol, and socioeconomic status (SES). 15 We used the likelihood ratio test to screen for quadratic associations between BP indices and stroke mortality. Akaike's information criterion (AIC) was used to compare the fit of models 16 by subtracting the AIC value of a model with BP component(s) from the same model including only covariates other than BP component(s). A larger decrease in AIC can be interpreted as a better fit. Statistical analysis was done using Stata version 8.0 (StataCorp LP). The mean age and age-adjusted mortality rates within quintiles of the BP indices are presented in Table 1 . The RDFs, calculated as the ratios of interquintile differences in 1963 to those of 1968, were 1.242, 1.539, 1.328, and 1.449 for SBP, DBP, MAP, and PP, respectively. Figure 1 shows age-adjusted all-cause mortality rates in quintiles of SBP and DBP. Mortality rates increase linearly across SBP quintiles, whereas no linearity is seen across DBP quintiles.
Results

Means
The strongest associations between BP indices and ageadjusted mortality were found for stroke mortality (Table 1) . A 4.8-fold increase in risk for stroke mortality was found comparing the lowest and highest SBP quintiles. A 2.9-fold risk was found for the corresponding quintiles of DBP. PP was associated with a 4.6-, 2.3-, and 1.9-fold increase in age-adjusted stroke, CHD, and all-cause mortality rates, respectively (PՅ0.015 for linear trend for BP indices and all causes of mortality).
There were 130 (2.0%), 125 (8.6%), and 73 (5.7%) stroke deaths among normotensive, hypertensive, and ISH subjects respectively. Mean values and SDs of BP components in each group are given in Table 2 . Hazard ratios (HRs) for stroke mortality are shown in Table 3 . We present 4 models, each incorporating a single BP index. Adjusting for age, diabetes, smoking, SES, and correcting for RDB, all 4 BP indices were predictive of fatal stroke among hypertensive and normotensive men. Among the latter, DBP could be the more weakly associated parameter (HR, 1.59; 95% CI, 0.92 to 2.75 per 1-SD increment). In alternative models, including 2 BP indices, DBP was weakened in a model controlling for SBP. MAP and PP remained predictors of stroke mortality among normotensive men. In hypertensive men, SBP and DBP were independent predictors of stroke mortality (HRs, 1.68 and 1.51; 95% CI, 1.24 to 2.29 and 1.05 to 2.18). MAP, but not PP, remained a predictor of stroke mortality. In patients with ISH, the HRs for all the BP components were Ͼ1 for stroke mortality but fell short of a 0.05 type-1 error yardstick. An additional analysis excluding 344 men who received antihypertensive medication in 1968 revealed associations consistent with a similar pattern, although this group experienced an extremely high death rate (66% died, 11.6% of stroke, during follow-up). Models with either single index of BP or 2 indices did not differ significantly in their fit as reflected by changes in AIC values between models including or excluding BP components (Table 3) .
Among the entire study sample, goodness-of fit was improved in models incorporating linear as well as quadratic terms of SBP, DBP, or PP versus models with linear terms only (SBP (Table 4 ). In models with 2 BP indices, SBP and DBP remained predictors of mortality. MAP but not PP remained a predictor of mortality. Finally, Figure 2 presents HRs for the association of each BP index with stroke, CHD, and all-cause mortality stratified by 5 age groups. The HRs HRs and 95% CIs for stroke, CHD, and all-cause mortality per 1-SD increments in BP indices in 5-year age groups* corrected for RDB and adjusted for covariates. *Age groups were: I, 40 to 44; II, 45 to 49; III, 50 to 54; IV, 55 to 59; V, 60 to 64; all HRs are adjusted for smoking, diabetes, and SES and corrected for age-specific RDFs. All-cause and CHD mortality are also adjusted for blood cholesterol.
for all-cause mortality generally declined with increasing age. CIs for stroke mortality were relatively large.
Discussion
Strong associations between indices of BP and stroke morbidity and mortality have been reported. In the current study, all 4 BP indices were predictive of stroke mortality among hypertensive and normotensive men. Among the latter, DBP was the more weakly associated parameter. Among normotensive men, DBP was a weak predictor of stroke mortality in a model controlling for SBP. Among hypertensive men, PP was not a predictor in a model controlling for MAP. In patients with ISH, the HRs for all the BP components were Ͼ1 for stroke mortality but fell short of a 0.05 type-1 error, possibly because of the small size of this group. In contrast with previous studies, 17, 18 we found evidence for nonlinearity of the association between SBP, DBP, or PP, and stroke mortality. MAP presented linear associations with stroke mortality. The HRs for the association of all 4 BP indices with all-cause mortality generally declined with increasing age.
Elderly subjects 17 showed 34% and 21% increased risk for stroke mortality per 1-SD change in SBP and PP, respectively. A stronger association (HR, 1.61) was reported for PP from the Corfu cohort of the Seven-Countries Study. 19 Mazza et al 20 found an HR of 1.50 associated with a PP of Ն74 mm Hg among elderly males and females. Among Chinese steel workers, 21 an adjusted HR of 13.3 for stroke in the upper SBP quartile compared with the lowest quartile was higher than that found for the corresponding quartiles of DBP, MAP, and PP.
In the current study, all 4 BP indices were predictive of CHD and all-cause mortality. SBP and DBP were independent predictors of mortality. Controlling for MAP, PP was not a predictor of mortality. Strandberg et al 22 reported 32-year CHD mortality HRs of 1.48, 1.47, 1.41, and 1.23 per 1-SD change in MAP, DBP, SBP, and PP, respectively. HRs for CHD of 1.38, 1.35, and 1.14 for PP, SBP, and DBP, respectively, were reported from the Framingham Study. 23 Lee et al 24 concluded that PP was a more accurate predictor of 29-year cardiovascular mortality than SBP or DBP among the elderly (Ն60) but not among younger males. Casiglia et al 25 found that PP predicted coronary mortality only among elderly women.
A number of studies examined the informativeness of various BP indices. Our goodness-of-fit findings show no preference for either BP index in the prediction of stroke mortality. MAP is slightly more informative in the prediction of CHD and all-cause mortality in single BP index models and equal to models with DBP and SBP or PP. Franklin et al 23 and Millar et al 3 showed small differences in model fit, predicting CHD by SBP versus PP. In the meta-analysis performed by the Prospective Studies Collaboration, 26 PP was found less informative in the prediction of IHD and stroke mortality than SBP, DBP, or MAP. Pastor-Barriuso et al 27 showed complex associations of PP with all-cause and cardiovascular mortality, depending on age, SBP, and DBP and discourage the use of PP for diagnostic or therapeutic decisions.
In the current study, subjects were last examined 5 years after baseline. We have information regarding use of antihypertensive medication in 1968 and none about BP changes, use of medication, and disease onset during the ensuing 18 years. Preference of 0 end-digits results in the misclassification of subjects with recordings at cutoff points of DBP of 90 mm Hg or SBP of 140 mm Hg and increases the inaccuracy of associations reported herein regarding prediction of stroke mortality. However, if the rounding error to the nearest 0 is random, the estimates of the reported associations could only be reduced compared with the true associations. Another limitation is the absence of women. Conversely, our mortality follow-up yielded a large number of deaths. In addition, repeated measurement of BP allowed for calculating RDFs and correcting the HRs for the latter. This correction increased the estimated associations.
Summary
The current study suggests that SBP, DBP, PP, and MAP are associated with CHD and all-cause mortality, as well as with stroke mortality, among hypertensive and normotensive men. Among the latter, DBP could be the more weakly associated parameter. Controlling for SBP, DBP was predictive of stroke mortality among hypertensive but not among normotensive men. Controlling for MAP, PP was predictive of stroke mortality among normotensive but not among hypertensive men.
